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TASK I - DEFINITION FROM CONTRACT PROPOSAL 

Surface Texture Ef fec t s t t  11 

"The t e s t  methods t h a t  w i l l  be used a r e  s p e c t r a l  r e f l e c t i v i t y  and 

e l e c t r o n  microscopy measurements. A r t i f a c t s  of e l e c t r o n  

microscopy procedures must be studied. Surfaces  t h a t  w i l l  be 

analyzed include: A l i q u i d ,  Mica, F i re -pol i shed  g l a s s ,  and 

both gold and platinum f l a s h  coated m i r r o r s ,  

"Transfer  coa t  m i r r o r s  made w i t h  f a m i l i a r  cement systems w i l l  be 

examined f o r  e f f i c i e n c y ,  as  a func t ion  o f  depos i t i on  condi t ions  

and as a func t ion  of master surface tex ture .  

Work on t h i s  t a s k  w i l l  be s t a r t e d  as soon a s  c o n t r a c t  l t  

extens ion  arrangements have been completed, and i t  w i l l  continue 

f o r  s i x  months . 
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ABSTRACT 

This r e p o r t  has t w o  p r i n c i p a l  parts:  P a r t  I r e p o r t s  a s tudy 

of the  inf luence  of technique procedures on the  appearance of 

e l e c t r o n  micrographs of m i r r o r  sur faceso  P a r t  I1 r e p o r t s  a study 

both  by e l e c t r o n  microscopy and by  vacuum u l t r a v i o l e t  re f lec tomet ry  

of e f f e c t s  a sc r ibab le  t o  sur face  po l i sh .  The In t roduc t ion  descr ibes  

the  equipment and procedures t h a t  w m e  used i n  a s tandardized 

fash ion  throughout t he  work reported.  

I 

I 

I 

0 I 

I 

I 

I 

The important r e s u l t  of Pa r t  I i s  t h e  evidence t h a t  any ob jec t  

t h a t  can be seen t o  have a shape i n  one of  our e l e c t r o n  micrographs 

i s  not  some a r t i f a c t  of t h e  e l ec t rons ,  t h e  C - f i l m  s u b s t r a t e ,  t he  

Pt-C shadow depos i t ,  o r  t h e  photographic p rac t i ce .  A change of  

e a r l i e r  procedure was t o  avoid using tape i n  l i f t i n g  r e p l i c a  

I 

I specimens. 

I The most  important r e s u l t  of Par t  I1 i s  t h a t  t r a n s f e r  f i l m s  of gold 

have many times h igher  r e f l ec t ance  than th i ck  micron) f i r s t  

sur face  gold  f i l m s  i n  the X U V  region of the  spectrum. There is 

f u r t h e r  evidence, apparent ly  s i g n i f i c a n t ,  t h a t  t r a n s f e r  m i r r o r s  

made from g l a s s  pol i shed  under l i q u i d  a r e  b e t t e r  than 

convent iona l ly  pol i shed  ones. 

2 
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INTRODUCTION - ELECTRON MICROSCOPY OF OPTICAL SURFACES 

E lec t ron  Microscope 

The e l e c t r o n  microscope used f o r  g r a t i n g  and f i l m  s t u d i e s  i s  a 

P h i l l i p s  E lec t ron ic  Instruments 7 5 C .  A brochure descr ib ing  i t s  

f e a t u r e s  c a r r i e s  the  number RC468 5M-U865. This equipment 

i s  operated a t  f u l l  vol tage (75kV), maximum cur ren t ,  and hkghest 

magnif icat ion (3500X a t  the  f i l m  p l a n e ) ,  

According t o  "Tech B i t s " ,  65-2, Kodak P e r i o d i c a l  P-3, 

'I. . most  photographic mater ia l s  do record  almost 

every i n c i d e n t  e l e c t r o n  . . . ." A l s o ,  "If the  s t a t i s t i c a l  

f l u c t u a t i o n s  i n  the  e l e c t r o n  beam could be el iminated,  the  

u l t ima te  l i m i t  of information s torage-  i n  any m a t e r i a l  would be 

s e t  by i t s  spread function. An e l ec t ron  w i l l  be s c a t t e r e d  

l a t e r a l l y  i n  the  emulsion (along a random, i r r e g u l a r  p a t h ) ,  and 

the spread func t ion  i s  a measure of the  mean p ro jec t ed  a rea  over 

which its energy i s  exptlnded. Two Earrow e l e c t r o n  beams t h a t  

a r e  sepa ra t ed  by a d is tance  much l e s s  than  the r ad ius  of t h i s  

a rea  w i l l  no t  be resolved separa te ly  i n  the  record.  

The spread func t ion  i s  not  dependent upon the  g r a i n  s i z e  I# 

of t h e  emulsion ( a s  i t  i s  f o r  l i g h t  exposures),  but it does 

depend upon the  g e l a t i n e  content  of the emulsion and on the  emulsion 

th ickness .  The h igher  t he  e l ec t ron  energy, the l a r g e r  the spread 

func t ion .  For t h e  ma te r i a l s  covered i n  t h i s  a r t i c l e ,  the  spread 

f u n c t i o n  i s  of the  order  of 5 t o  l op  f o r  50 t o  lOOkV e l e c t r o n  exposure," 



1 

The r e so lv ing  power o f  the  7 5 C  Elec t ron  Microscope i s  "3OA and 

be t t e r "  according t o  t he  raanufacturer, and t h i s  has been confirmed. 

This f i g u r e  t imes 35OOX g ives  a product near lop.  A photographic 

spread f u n c t i o n  of lop the re fo re  does not s e r i o u s l y  impair the 

r e s o l u t i o n  of  t h e  microscope. 

Photography 

The photography f o r  t he  electron-micrographs has been done e n t i r e l y  

i n  the  Gra t ing  Research Laboratory. The o r i g i n a l  p i c t u r e s  have 

been taken  on Fine Grain Pos i t ive  35mm f i l m  and developed w i t h  

Dectol D-72, 1:2. The f i l m  exposure t o  the e l e c t r o n  beam i s  ad- 

j u s t e d  empir ica l ly , .  and seve ra l  exposures a re  customari ly  taken  

f o r  l a t e r  s e l e c t i o n  of the  b e s t  con t r a s t .  The p r i n t s  a r e  enlarged 

t o  30,OOOX on ?o lycont ras t  F-paper. They a r e  reproduced for t he  

r e p o r t  by m u l t i l i t h .  

The enlargement of t h e  nega t ives  t o  3O,OOOX i s  wel l  w i th in  the  

20X enlargement r epor t ed  by "Tech B i t s ' r  65-2 a s  the l a r g e s t  u se fu l .  

"Tech B i t s "  65-2 repor t s :  

"On s u b j e c t  of l i m i t a t i o n s  i n  e l e c t r o n  imagery, we say t h a t  

a l l  photographic m a t e r i a l s  a r e  about e p  a 1  i n  information-detect ing 

a b i l i t y ,  and no r e a l l y  s i g n i f i c a n t  improvements appear possible." 

4 



I I n  essence,  t he  s ignal- to-noise  i s  l i m i t e d  by the inherent  

randomness i n  d i s c r e t e  event o r  quantum processes.  If the  
I 

I - 
I quantum e f f i c i e n c y  of  one f i l m  i s  s l i g h t l y  i n f e r i o r  t o  another,  

a longer  exposure r e s t o r e s  the  information conten t  but a t  some 

r i s k  " . . . of b l u r r i n g  f r o m  image motion." 

B lu r r ing  due t o  image motion was not  prev ious ly  a 

because from the  time of i n i t i a l  i n s t a l l a t i o n ,  the microscope has 

r e s t e d  on a plywood shee t  t h a t  i s  supported by f o u r  inne r  tubes 

( f o r  t r a i l e r  t i r e s )  i n f l a t e d  t o  about 3 l b s .  (our  cons t ruc t ion  

and design.)  But e a r l y  i n  t h i s  work, the  a i r  l o s s  allowed con tac t  

of the  support  sheet  w i th  the  support frame. Supplementary 

i n f l a t i o n  r e s t o r e d  the i n s e n s i t i v i t y  t o  high frequency v i b r a t i o n  

t h a t  a f f e c t s  the e l e c t r o n  l e n s  pos i t ions .  

problem t o  US 

I 
c 
I 

I 
C 

Specinen Support Film 

The specimens used i n  the e l ec t ron  microscope c o n s i s t  o f  a carbon 

f i l m  t h a t  i s  supported by a 300 mesh Cu screen  t h a t  i s  a s tandard  

i tem f o r  e l e c t r o n  microscopy. An electron-micrograph made through 

an open hole  i n  a 300 mesh screen wi th  the  e l e c t r o n  microscopy and 

photography descr ibed above i s  given i n  Fig.  1. 

I 
I 
I 

. .  

An electron-micrograph made througn an unahadowed C f i l m  supported 

by a 300 mesh Cu screen, using the e l e c t r o n  microscopy and photography I 
desc r ibed  above i s  given i n  Fig.  2. The C f i l m  w a s  prepared by I 

5 



normal depos i t ion  i n  vacuum onto a co l lod ion  f i l m  sur face  t h a t  was 

made by f l o a t i n g  a 1% s o l u t i o n  of co l lod ion  i n  a q s l a c e t a t e  on water,  

The co l lod ion  was removed a f t e r  the C f i l m  depos i t i on  by d i s so lv ing  

it  i n  amylacetate. 

These bas ic  procedures a r e  described, f o r  example, i n  

The Encyclopedia of  Microscopz by Clark. 

Primary Repl ica  Film Used t o  Receive Shadow 

The s u b s t r a t e  f i l m  f o r  a l l  shadow depos i t ions  i n  t h i s  r e p o r t  

(except  one on PVA and two  on col lodion)  was a t r a n s f e r  f i l m  o f  

(Mg + All s o l i d l y  cemented t o  g lass ,  sk ived  away from the  g l a s s ,  

and d i s so lved  a f t e r  shadowing and carbon f i l m  depos i t ion ,  A 

r e fe rence  t o  the  d e t a i l s  o f  t h i s  procedure i s  Anderson, Gr i f f in ,  

Mooney, and Wiley (hppl ied  Optics,  &, 999, August 1965). A major 

mod i f i ca t ion  of tha t  procedure has been t o  avoid us ing  tape f o r  

l i f t i n g  r e p l i c a s  and specimens. 

6 
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Fig. 1. Electron-micrograph made through an open hole  i n  a 

300 mesh Cu screen. 

and t h e  photographic p r a c t i c e s  were nearly the  same as those f o r  

a l l  of t h e  o the r  electron-micrographs made f o r  this study. 

Photographic Negative 1 9 9 - 2 j 0  

The screen the e l e c t r o n  microscope s e t t i n g s ,  
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Fig. 2. Electron-micrograph made through an unshadowed carbon 

f i l m  supported on a Cu screen. The f i l m  was made by vacuum 

d e p o s i t i o n  on co l lod ion  which i n  t u r n  was made by f l o a t i n g  a 

1% s o l u t i o n  i n  amylacetate on water. The co l lod ion  was 

d i s so lved  away before the  e l e c t r o n  microscopy. 

Photographic Negative 218-34,, 



PART I ELECTRON MICROSCOPY O F  MIRROR SURFACES 

1. Specimen Film Mater ia l  Experiments 

For t h i s  s e t  of  t h ree  experiments, t h e  shadow angle was 

s tandard ized  a t  9 O  grazing and the shadow m a t e r i a l  was 

s tandard ized  a s  Pt-C. The three  m a t e r i a l s  used were: 

1) Thick A1 + Mg-flash, l a t e r  rep laced  by 

a C-film. 

2)  PVA (polyvinyl  a l coho l ) ,  l a t e r  rep laced  by 

a C-film. 

3) 1% Collodion i n  amylacetate,  l a t e r  rep laced  

by a C - f i l m .  

- The r e s u l t s  of these  experiments appear as  Figs.  3 - 5. 

The A 1  + Mg-flash gives  a r e p l i c a  w i t h  a mul t i tude  of d e t a i l .  

This s e t  of experiments was c a r r i e d  out t o  t r y  t o  be sure  t h a t  

any advantages of organic r e p l i c a t i o n  were no t  being overlooked. 

A l s o ,  exemplary specimens were des i red  f o r  t he  record.  We may 

not have evaded the pre judice  i n  f a v o r  o f  the  Pt-C t h a t  was 

caused by t h e  cont inua l  quan t i t a t ive  systematic  e r r o r s  of  about 

50% t h a t  we found i n  g r a t i n g  groove s t e p  he ight  using these  

organic  f i l m s .  

.- 

/ 

Y 



F,g. 3. 

t h e  s u r f a c e  of a microscope s l i d e .  

H C 1  a f t e r  shadowing and a f t e r  depos i t ing  C a t  normal incidence,  

Photographic Negative 212-6. 

Electron-micrograph of t r a n s f e r  A1 f i l m  s t r i p p e d  from 

The A 1  was removed i n  



Fig. 4. Electron-micrograph of t r a n s f e r  PVA f i l m  su r f ace  

from microscope s l i d e  sur face .  The PVA was removed i n  water  

a f t e r  shadowing and a f t e r  depos i t ing  C a t  normal incidence.  

Photographic Negative 200-28. 



Fig ,  so 
microscope s l i d e .  

a f t e r  shadowing and a f t e r  depos i t ing  C a t  normal incidence.  

Photographic Negative 218-5, 

Electron-micrograph of c o l l o d i o n  f i l m  s t r i p p e d  from 

The co l lodion  was removed i n  amyl a c e t a t e  



2. Shadow Obliqui ty  Angle Experiments 

The shadow angle used f o r  the g ra t ing  and m i r r o r  electron-micro- 

graphs throughout t he  previous work on NONR 4277 (OO)(X) was 

about 19.7' grazing, 

I n  t h i s  experiment, t he  s tandard iza t ions  repor ted  i n  P a r t  I 

were used. I n  p a r t i c u l a r ,  t he  r e s idua l  roughness of microscope 

s l i d e  su r faces  as r e p l i c a t e d  by an A1-Mg f i l m  provided t h e  shadow 

obs tac les .  

The unexpected r e s u l t  of t h i s  experiment was t h a t  a shadow 

angle o f  l O . 4 "  g raz ing  produced specimens, Fig. 6, whose image 

c o n t r a s t  was hard ly  any higher  than the  ones produced by 19.7' 

and 32,b0 shadowing, Figs ,  7 and 80 This i s  no t  the  experience 

remembered for sur faces  w i t h  more prominent obs t ac l e s ,  

There ape two phys ica l  e f f e c t s  t h a t  t end  t o  reduce the  c o n t r a s t  

a s  t he  shadow angle approaches grazing, F i r s t ,  the  evaporant 

source has height  and t he re fo re  forms a penumbra zone whose 

width inc reases  a s  the  graz ing  angle decreases,  Second, t he  

roughness of deposi ted f i l m s  i s  known t o  increase  as  t he  graz ing  

angle decreases ,  p a r t i c u l a r l y ,  from about 40" toward OO. 
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Fig. 6. Electron-micrograph o f  an A 1  sur face  t r a n s f e r r e d  f r o m  

a smooth microscope s l i d e .  The graz ing  angle o f  t he  shadowing 

Pt -C f i l m  was 32.4 degrees.  Photographic Negative 192-230 



Fig. 7. Electron-micrograph o f  an A 1  sur face  t r a n s f e r r e d  from 

a smooth microscope s l i d e .  The graz ing  angle of t he  shadowing 

Pt -C f i l m  was 19 .7  degrees. Photographic Negative 192-14, 



. 

Fig. 8, Electron-micrograph o f  an A 1  su r face  t r a n s f e r r e d  from 

a smooth microscope s l i d e ,  The graz ing  angle  of the  shadowing 

Pt -C f i l m  was 10.4 degrees. The P t  t oge the r  perhaps w i t h  

some C i s  d i s t i l l e d  from a carbon p e l l e t  by t h e  h e a t  of an 

e l e c t r i c  c u r r e n t  pass ing  through the  p e l l e t .  Photographic 

Negative 192-6. 



3* Shadow Film Mater ia l  Experiments 

A r e p o r t  by Pr ice  of Dow Chemical C o o  came t o  our a t t e n t i o n  

a f t e r  t h e  work repor ted  i n  t h i s  s e c t i o n  was doneo Our r e s u l t s  

f u l l y  confirm his  r e p o r t  of  October 27, 1964. Very r ecen t ly ,  

t h e  use o f  uranium oxide shadowing has been suggested.  

The fol lowing shadowing ma te r i a l s  were deposi ted a t  about 

9" grazing: 1) Pt-C, 2) Pd, 3) Au-Thermal Evaporation, 

4) Au-Electron Beam Evaporation. 

appear i n  t h i s  r e p o r t  a s  Figs.  8 - 11. 
Electron-micrographs of t hese  
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Fig.  9. E l  
I 

tron-mi 

lp 

rograph of A1 f i l m  t r a n s f e r r e d  from a 

microscope s l i d e  then  shadowed w i t h  Pd. The Pd i s  mel ted by 

c u r r e n t  pass ing  through a W wire around which the  Pd w i r e  

w a s  wrapped. Photographic Negative 201-6, 



Fig. 10. Electron-micro!<raph o f  A 1  f i l m  t r a n s f e r r e d  from a 

microscope s l i d e  then  shadowed w i t h  Au. The Au was h e l d  i n  

a W w i re  " b i r d t s  nes t"  basket .  The evapora t ion  time was 

about 2 seconds. Photographic Negative 217-24. 



FAg. 11. 

microscope s l i d e  then  shadowed w i t h  Au. 

by e l e c t r o n  gun hea t ing .  

about 30 sezords.  Photographic Negative 217-23. 

Electron-micrograph of  A 1  f i l m  t r a n s f e r r e d  f r o m  a 

The Au was evaporated 

The time f o r  shadow d e p o s i t i o n  was 



PART I1 SURFACE POLISH EFFECTS 

There has been much opinion about the significance of surface 

polish for scattering losses in reflectance at short wavelengths, 

This Part I1 describes observations of the smoothness of various 

substrates and observations both of the smoothness and 

specular reflectance of two types of mirror films, first surface 

and transfer, using various substrate qualities. 

The electron microscope practices used were the ones reported 

in Part I.of this report. Transfer films of A1-Mg were prepared 

of each sample; they were shadowed at 96 grazing with Pt-C 

and coated normally with C; they were skived from the transfer 

substrate; the Mg and A 1  was dissolved; and the residual films 

were lifted out on Cu specimen screens. 

Reflectance measurements were made at NRL using Mr. William Hunteros 

vacuum ultraviolet monochromator-spectrometer system as a re- 

flectometer. The source was the pulse2 doc. source described 

in the Proceedings of the X t h  Colloquium Spectroscopicum 

Internationale by W. €2. Hunter. 
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1. Electron-Micrographs o f  Uncoated Surfaces  

Figs.  12-18 show the  r e s i d u a l  defects  on var ious sur faces ;  

namely, f l o a t e d  col lodion,  cleaved mica, microscope s l i d e ,  

under- l iquid-pol i  shed g l a s s  , op t i ca l ly -po l i  shed g l a s g  buffed 

g l a s s  w i th  l i g h t  orange pee l ,  buffed g l a s s  w i th  heavy 

orange peel.  



Fig. 12. Electron-micrograph made f r o m  a co l lod ion  f i l in  

prepared  by f l o a t a t i o n  on water of  a 1$ s o l u t i o n  of 

c o l l o d i o n  i n  amy1 a c e t a t e ,  ?hotographic J!Tegative 218-23, 



Fig. 13. Electron-micrograph of the surface of 

cleaved mica. Photographic Negative 201-21. 



Fig ,  14. Electron-micrograph o f  t h e  sur:L"ace of a microscope 

s l i d e ,  nominally f i r e  pol ished.  Photographic Negative 192-6. 



Fig, 15. Electron-micrograph of the surface of glass  

p o l 5  she d-under-li qui do Photographic Ne g a t  ive 212 -24. 



Fig .  16. Electron-micrograph of t he  su r face  of g l a s s  po l i shed  

t o  an o p t i c a l  f i n i s h ,  f r e e  of defec ts  a t  8 power, Photographic 

Negative 199-4. 



Fig. 17. Electron-xicrograph o f  t h e  s u r f a c e  of g lass  with 

a s l i g h t  orange-peel acquired by buffing, 

Fhot o g r  aphic  Negative 212-7 , 



Fig. 18, Electron-micrograph of the su r face  of glass with 

a severe  orange-peel finish. Photographic Negative 212-10. 



I 

t 
2. Electron-Micrographs and XUV Reflectances of F i r s t  

Surface ,4p Au Films 

I The gold thickness  o f  .4p, used here f o r  t h e  comparisons 
I 

of s u b s t r a t e  in f luence ,  corresponds t o  the th ickness  t h a t  i s  

o f t e n  used f o r  a master g r a t i n g  rul ing.  The f i l m s  on the  I 
I f o u r  fol lowing electron-mic,rographs, Figs .  19-22, were de - 
I 

1 p o s i t e d  simultaneously on  g l a s s  with var ious sur face  f i n i s h e s .  

The depos i t i on  was performed by hea t ing  the  gold wi th  an 

e l e c t r o n  gun. The average deposi t ion r a t e  was 10.3PL/sec0 

There i s  l i t t l e  d i f f e rence  i n  the appearance of the 

electron-micrographs desp i t e  the  d i f f e rence  i n  the subs t r a t e s .  

I 

The r e f l e c t a n c e s  i n  Table I show t h a t  t he re  i s  no d i f f e rence  

s i g n i f i c a n t l y  l a r g e r  than  t h e  measured 0.5% average systematic  
1 

l and 0.5% average RMS di f fe rence  found for a repea ted  setup 

and measurement o f  t h e  same m i r r o r .  
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Table I. Comparative Reflectance of  Simultaneously-Deposited 

A u  Films on Substrates with Different Polish. 

h 
in A' I - 

I 304 

t 463 

508 

554 
610 

I 

68 6 

788 

899 

1085 

Under- 
liquid 

a 1  

.4 
1.2 

2.5 

3.3 

3.0 . 

4.2 

6.4 

6.0 

Micro- 
slide 

19 

a 5  
1.2 

2.7 

3.6 

3.4 

4.6 

6.5 

6.3 

Optical 
Polish 

a 1  

09 

09 

2.4 
3.0 

2.9 

4.1 
6.6 

6.4 

Buffed 

.1 

.6 

1.4 
2.5 

3.3 

3.0 

4.3 

6.8 

6.6 

The RMS difference is approximately 0.22 f o r  the readings in 

the above table, somewhat less than repeated measurements 

made on one mirror. 
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Fig,. 19. Electron-micrograph of a first surface g o l d  film 

on a Cr flashed microscope slide, Photographic Negative 216-15. 



Fig.  20. Electron-micrograph of a first su r face  gold f i l m  

on Cr- f lashed  glass  t h a t  had been po l i shed  under l i q u i d .  

Photographic Negative 216-8. 



Fig .  21. Electron-micrograph o f  a f i r s t  su r face  gold  f i l m  

on Cr- f lashed  g l a s s  t h a t  had been convent iona l ly  po l i shed  

t o  o p t i c a l  q u a l i t y ,  f r e e  of de fec t s  observable wi th  8 power 

magni f ica t ion .  Photographic Negative 216-5. 



Fig. 22. Electron-nicrograph of a f i r s t  su r face  g o l d  f i l m  on 

Cr- f lashed  glass t h a t  had been buf f -pol i shed  t o  produce an 

orange-peel f i n i s h .  Photographic Negative 216-20, 



3. Electron-micrographs and XUV Reflectances o f  Au( (2-1 Films 

Transfer red  f r o m  Surfaces  of D i f f e r ing  Po l i sh ,  

The e l e c t r o n  micrographs, F igs .  23-26, a s soc ia t ed  w i t h  t h i s  

sec t ion  a r e  of  samples prepared simultaneously a s  follows: 

a. 

C. 

do 

e. 

About microns of Au was deposited i n  about 7 minutes 

simultaneously onto f o u r  d i f f e r e n t  g l a s s  po l i shes  

(microscope s l i d e ,  under- l iquid pol i shed  g l a s s ,  o p t i c a l l y -  

po l i shed  g l a s s ,  and buff-polished or shined g l a s s ) .  

Less than  0.1 micron of  C r  was deposi ted on the Aue 

The exposed C r  sur face  was cemented t o  a microscope s l i d e  

w i t h  epoxy. 

A f t e r  c u r i n g  the g l a s s  p l a t e s  were separa ted  a t  t he  

Au-to-glass i n t e r f a c e .  

A s tandard  A1 f i l m  t r a n s f e r  specimen of t h i s  exposed Aw 

su r face  was then  made, shadowed a t  9" w i t h  Pt-C, and 

converted i n t o  a specimen f o r  e l e c t r o n  microscopy a s  des- 

c r i b e d  previously i n  t h i s  report .  

The r e f l e c t a n c e  of t he  t r a n s f e r r e d  gold f i l m s  i s  repor ted  

i n  Table 11. 

The g l a s s  t h a t  was pol ished under l i q u i d  produced a t r a n s f e r  

m i r r o r  t h a t  a t  every wavelength was observed t o  have h igher  
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r e f l e c t a n c e  than  any o f  the  other three.  

2% absolu te  (about 30% r e l a t i v e )  h igher  than any of t he  o t h e r  

It averaged more than 

types 

I A remeasurement of the  mirror  t r a n s f e r r e d  f r o m  op t i ca l ly -po l i shed  

glass showed a systematic  measurement d i f f e rence  d 0.5% and an 

0.5% random RMS d i f f e rence  from the  comec ted  average. 

any one measurement i s  q u i t e  l i k e l y  wrong by 2g9 and any one s e t  

of measurements i s  q u i t e  l i k e l y  sys temat ica l ly  wrong by 1%. 

This range of e r r o r  i s  e n t i r e l y  cons i s t en t  wi th  simple r e f l e c t o -  

I meter experience i n  o the r  p a r t s  o f  the  spectrum. Unfortunately,  

Thus, ~ 

i t  masks t h e  sub t l e  d i f f e rences  t h a t  we would l i k e  t o  be sure 

about 

The h ighe r  r e f l e c t a n c e  of t h e  mirror t r a n s f e r r e d  f r o m  the g l a s s  

po l i shed  under l i q u i d  i s  believed t o  be a r e a l  e f f e c t .  

The m i r r o r  t h a t  was t r a n s f e r r e d  from a buffed g l a s s  p l a t e  had a 

0.3% lower average r e f l ec t ance  than the average o f  the  micro-s l ide 

and op t i ca l ly -po l i shed  t r a n s f e r  m i r r o r s ,  

d i f f e r e n c e ,  and even if r e a l ,  i t  i s  a small  d i f f e rence  i n  view 

of t h e  micrograph appearance, 

T h i s  i s  not  a s i g n i f i c a n t  



14.7 11.4 11.5 12.1 

13.6 9.9 8.7 10.9 
b 

b 

13.0 111 

14.- 9 92 . 

I Table 11. Comparative re f lec tance  of Au f i l m s  simultaneously 
1 
( 

I 
deposi ted on subs t ra tes  w i th  d i f f e r e n t  po l i sh ,  then 

t r a n s f e r r e d  t o  expose the  Au-to-glass i n t e r f a c e .  

h 
A - 

Bowl  
P o l .  

2.8 

- 
Opt. Buff 

Pol.  P o l  . - - 
1.8 1.7 

x' 
kk C.H.&H. - 

Micro 
-Sl ide 

1.8 3.3 353 

304 2.6 303 

2.9 2.8 

3.3 2.7 3.0 333 

322 

345 

374 

4.1 2.9 3.7 311 

3.4 3.7 4.9 4.0 5.0 290 

> 7.2 > 5.4 > 5.2 > 5.2 8.0 267 

419 > 7.2 

7 8.1 

> 6.2 6.9 2 5.4 
8.1 7 6.1 

7.5 239 

7.5 216 462 , 

50 8 

554 
609 

680 

787 

898 

1085 

14.5 11.7 9.6 I 9.9 

18.5 15.2 15.7 14.7 

15.7 13.7 14.3 11.6 

n e 2  10.8 10.7 I 8.9 

The s e c t i o n  of the  da ta  surrounded by a box was taken a t  1X from 

t h e  r e c o r d e r  readings which have her6 been inc reased  by 0.796 i n  

order  t o  c o r r e c t  f o r  the 0-point recopder e r r o r  observed. The 

g rea t e r - than  symbol appears t e n  times above because the d i r e c t  

beam was n o t  co r rec t ed  f o r  background. 



Fig. 23. Electron-micrograph o f  t r a n s f e r r e d  Au su r face  

o r i g i n a l l y  deposi ted on a microscope s l i d e .  

Photographic Negative 217-15. 



Fig. 24. Electron-micrograph o f  t r a n s f e r r e d  Au su r face  

o r i g i n a l l y  depos i ted  on a g l a s s  sur face  that had been po l i shed  

under l i q u i d .  Photographic Negative 217-9. 



. 

Fig. 25. Electron-micrograph o f  t r a n s f e r r e d  Au sur face  

o r i g i n a l l y  depos i ted  on a glass su r face  t h a t  was f r e e  of  

d e f e c t s  a t  Bx. Photographic Negative 217-4. 



Fig.  26. Electron-micrograph o f  t r a n s f e r r e d  Au surface 

o r i g i n a l l y  depos i ted  on a g l a s s  su r face  t h a t  was po l i shed  

by bu f f ing ,  Photographic Negative 217-19. 



4. Reflectometer Accuracy 

I n  the  f o u r t h  q u a r t e r l y  r e p o r t  on Contract  NONR 4277, dated 

Jan, 31, 1965, a s e c t i o n  ent i t led, '*Standard (10/23/64)" Curve, 

was included. It  contained the  h ighes t  r e f l e c t a n c e  values  a t  

each wavelength t h a t  had been measured during the g r a t i n g  study 

performed by B&L w i t h  NFU, equipment. These high measurements 

were n o t  confirmed by remeasurements a t  a l a t e r  time but they 

were remeasured seve ra l  times during the  October measurement 

session.  

Carefu l  a t t e n t i o n  has been pa id  t o  poss ib l e  sources of e r r o r  

due t o  t h e  equipment and due t o  i t s  operat ion,  A few judgements 

seem worth making a t  t h i s  t i m e .  

Very l a r g e  e r r o r s  could r e s u l t  i f  t h e  dector  p o s i t i o n  i n  the 

o p t i c a l  beam varied from the  d i r e c t  beam t o  the r e f l e c t e d  o r  

d i f f r a c t e d  beams. We be l ieve  t h a t  t h i s  was respons ib le  f o r  t he  

excess ive ly  h igh  values  measured i n  October 1965, 

A f u r t h e r  type of misalignment was observed i n  Ju ly  1965 when 

M r .  Angel go t  d i f f e r e n t  r e f l ec t ances  when he r o t a t e d  the  sample 

mi r ro r  f r o m  ones when he r o t a t e d  the de tec tor .  T h i s  d i f f e rence  

was no ted  when the  de t ec to r  was s e t  a t  loo (5" incidence)  but  

no t  when s e t  a t  15". The p o s s i b i l i t y  of some i n t e r f e r e n c e  a t  

some wavelengths i s  suggested by t h i s  observat ion plus  the known 

s l i g h t  v a r i a t i o n  of maximized d i r e c t i o n s  with wavelength. 



Every reading made a t  9244 i n  Ju ly  was found t o  depar t  markedly 

f rom the  bes t  curve f o r  a l l  other wavelengths,, The 924.A l i n e  

was except iona l ly  s t rong  s o  t h a t  t h e  photomul t ip l ie r  may have been 

overloaded and non-linear.  

I 
I 

I 

I the  r e f l e c t a n c e  measurements made e a r l y  i n  September 1965, A t  

I 
I P a r t i c u l a r  care  i n  reading the background w a s  found important f o r  
I 

the  peak of the  s p e c t r a l  r e f l ec t ance  curve of gold,  near  554A, 
t he  background was unif  o m l y  zero f o r  a l l  measurements . Compar- 

I 
I isons made a t  t h i s  wavelength do not t he re fo re  involve any baek- 

I ground co r rec t ion .  A t  3O4A however, t he  background ranged 

between 22 and 25 p a r t s  per  hundred of t he  d i r e c t  beam, The 

r e f l e c t a n c e  i s  s e l e c t i v e l y  l o w  a t  t h i s  wavelength; s o  t he  back- 
I 
t 

ground c o n t r i b u t i o n  t o  t he  r e f l e c t e d  s i g n a l  i s  l a r g e  and the  

measurements a re  open t o  much question. 

Many r e f l e c t a n c e  measurements made i n  September 1965 were made 

i n  t h r e e  ways: 1X on the recorder,  1X on t h e  meter,  and 1 O X  on 

the  recorder .  Reflectances a t  1X on the  pecorder were measured 

c o n s i s t e n t l y  lower than  a t  1 O X  or a t  1X on the  meter. Di f fe r -  

ences as  l a r g e  as  O , 7  between the IX meter and 1OX readings 

occurred f o r  a small percentage of t he  readings but without a 

c o n s i s t e n t  winner, consequently they have been t r e a t e d  a s  

equiva len t  - the  1OX recorder  readings a r e  t abu la t ed  i n  

Tables I and 11. Previously,  when measuring g ra t ings ,  weak 

d i f f r a c t i o n  orders  could of ten be c l e a r l y  observed on the  meter 

even when they  could not be discovered wi th  the  recorder .  
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PART 111 - FLASH-COATED TRANSFER MIRRORS 

The expression,  f lash-coated,  r e f e r s  t o  a r a p i d l y  depos i ted  t h i n  

f i l m  of  metal. The purpose of the  rap idness  of t h e  depos i t ion  

i s  t o  ob ta in  high o p t i c a l  r e f l ec t ance  which depends m o s t  i m -  

p o r t a n t l y  on depos i t ion  r a t e  f o r  whatever metal  i s  s e l e c t e d ,  

We have suspected t h a t  f lash-coa t ings  have an e s p e c i a l l y  h igh  

dens i ty  of micro-lumps or s p i t .  I n  extreme cases ,  t h e  evaporat ing 

charge emits mul t i tudes  of p r o j e c t i l e s  l a r g e  enough t o  be seen 

through t h e  b e l l  j a r  window. Large p a r t i c l e s  of t h i s  s o r t  may 

con ta in  1O1O atoms, i n  round numbers, 

t r i b u t i o n  of emit ted lump s i z e s  may be random and the re fo re ,  

Poisson i n  character .  From the  frequency of  l a r g e  lumps, th is  

impl ies  t he  average p a r t i c l e  s i z e  t o  be much g r e a t e r  than  monatomico 

The a n t i c i p a t i o n  t h a t  t he  s i z e  of  the  p a r t i c l e s  being evaporated 

i s  monatomic comes mainly f r o m  oven-evaporation experiments such 

We be l i eve  t h a t  t he  d i s -  

8s vapor absorp t ion  demonstrations and Stern-Gerlach r e s u l t s .  

The l i t e r a t u r e  of metal  f i l m  depos i t ion  accepts  the monatomic 

d i s t i l l a t i o n  assumption s o  f a r  as we know. This assumption i s  

not  v a l i d  f o r  o p t i c a l  m i r r o r  deposi t ion.  

Theore t i ca l ly ,  t h e r e  i s  a d i f f i c u l t y  i n  explaining how a vapor 

p a r t i c l e  becomes bound t o  a subs t r a t e  sur face  o f  a d i f f e r e n t  

m a t e r i a l .  
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Experimentally, t he re  i s  a d i f f i c u l t y  wi th  the  i d e a  of us ing  a 

pre-deposited f i l m  sur face  as the s u b s t r a t e  on which the  f l a s h -  

coa t ing  i s  deposi ted,  

not  d i s t i ngu i shab le  inhe ren t ly  from lumpiness present  i n  the  under- 

l y i n g  f i l m .  

Lumpiness apparent on f lash-coa t ings  i s  

Transfer  f i l m s  avoid t h i p  d i f f i c u l t y  because t h e i r  su r f aces  a re  

extremely smooth, Any lumps t h a t  appear come with t h e  f l a s h  

coa t ing  . 
Furthermore, the  su r face  of  a gold f i l m  i s  perhaps l e s s  changed 

from i t s  pure m e t a l l i c  condi t ion  than  o the r  metals .  

Figs .  27-29 a r e  electron-micrographs made by the  procedures des- 

c r i b e d  i n  PART I. I n  each case,  a gold t r a n s f e r  f i l m  was usedo 

Fig. 27 i s  a p i c t u r e  of a gold t r a n s f e r  sur face  without any 

f lash-coa t ing .  Figs, 28 and 29 have t h i n  gold and platinum 

r e s p e c t i v e l y  deposi ted on t h e  underlying gold t r a n s f e r  su r f aceo  

These t h i n  over-coatings were made by e l e c t r o n  gun evaporat ion 

f r o m  a pool of  metal  t h a t  was melted while the  t r a n s f e r  f i l m  was 

p r o t e c t e d  by a s h u t t e r .  The t i m e  of over-coating depos i t i on  

w a s  13 sec .  f o r  the  gold and 4.3 min. f o r  the  platinum. The 

e l e c t r o n  gun a v a i l a b l e  f o r  t h i s  t e s t  could not be operated f o r  

more r a p i d  Pt depos i t ion  without the  risk of  a rc ing  t o  ground, 
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Despite the comparatively s l o w  deposition rate, many nuggets 

of metal that struck the transfer film during the flash-coating 

appear in the approximately 25 square microns shown in 

Figs. 28 and 29. 

Clear glass plates coated simultaneously with the flash-films 

were measured i n  the visible to have the following properties: 

i Ru-flash: R = .59 and T = .26 

I r Pt-flash: R = .23 and T = 
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Fig. 27. Electron-micrograph o f  a go ld  su r face  t r a n s f e r r e d  

f r o m  op t i ca l ly -po l i shed  g l a s s ,  for comparison w i t h  s i m i l a r  

s u r f a c e s  a f t e r  go ld  and platinum f l a s h  coa t ing .  

Photographic Negative 220-4. 



Fig.  280  Electron-micrograph of  a gold su r face  t r a n s f e r r e d  

from op t i ca l ly -po l i shed  g l a s s  t hen  f l a s h  coa ted  with gold  

evapora ted  w i t h  an  e l e c t r o n  gun. Photographic Negative 220-10. 
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Fig. 29* Electron-micrograph o f  a g o l d  su r face  t r a n s f e r r e d  

f r o m  op t i ca l ly -po l i shed  g l a s s  then  f l a s h  coa ted  wi th  

plat inum evaporated with an e l e c t r o n  gun, 

Photographic Negative 220-20, 



PROGRESS ON TASK 2 O F  CONTRACT EXTENSION 

Task 2 of the ex tens ion  of NONR 4277 (OO)(X) w a s  ca l l ed ,  

"Transfer  M i r r o r  F i d e l i t y  and S t a b i l i t y "  i n  the proposed ex tens ion  

of NONR 4277 (OO)(X) submitted by Bausch & Lomb with the  da te  

December 1964. 

During the  pe r iod  Ju ly  1, 1965 t o  September 3 0 ,  1965, many s e t s  

of  t r a n s f e r  f i l m s  and C r  coatings were deposited.  Each s e t  of 

t r a n s f e r  f i l m s  and of C r  coated g l a s s  blanks was reserved f o r  

the  t e s t i n g  of one t e s t  cement and of a c o n t r o l  cement (DER322). 

The cements i n  Table 111 have been used i n  these  t e s t s .  Trans- 

I'er or t h e  Cr-Au f i l m  from i t s  o r i g i n a l  p l a t e  t o  t he  backing 

p l a t e  occurred without s e r ious  loss of  smoothness v i s u a l l y  a s  

noted i n  Table 111. Reflectances of  one c o n t r o l  t r a n s f e r  f i l m  

and of t h e  good m i r r o r s  were measured i n  September 1965. 

micrographs of one edge a rea  w i l l  be made. The t r a n s f e r  f i l m s  

w i l l  be placed i n  our 10-8 t o r r  vacuum chamber f o r  a minimum 

of t w o  weeks, then reexamined f o r  X W  r e f l e c t a n c e  and e l ec t ron -  

micrograph appearance. 

Electron-  

The f i n a l  r e p o r t  o f  t h i s  work i s  scheduled for December 25, 1965. 

Task 3 of t h i s  p r o j e c t  i s  c a l l e d ,  It Grat ing ETficiency Cor re l a t ion  

Continuation. ' '  It w i l l  use t r a n s f e r  f i l m s  made during the Task 2 

work. T e s t  g r a t i n g s  r u l e d  i n  these f i l m s  w i l l  be evaluated. The 

s t a r t i n g  date  f o r  t h i s  t a s k  i s  October 1, 1965. The r e p o r t  on i t  

i s  scheduled for March 25, 1965. It w i l l  be the  f i n a l  work done 

on t h i s  con t r ac t .  



Table 111. Cements being tested for Task 2 program. 

Cement Trans fer App e ar anc e Tspe 
DER 322 Thermosetting Exc e 11 ent 
[fluid epoxy) Hard epoxy (Control) 

Exc e 11 ent 

KD-194 Thermos et t i ng  Excellent Orange peeled 
(Al-filled) Hard epoxy sc rat che s 

Bakelite Thermosetting Part i a1 Blistered; not 
Hard phenolic cured 

HE-63 
(Hawkeye ) 

Thermosetting 
Hard allyl 

Good Slightly 
cl oude d 

Balsam Thermoplastic None Fractured 
cement 

Good Fine h’l i n t e r s  

Versalon 
XR-1100 

Thermoplastic 
polyamide 

Good Air bubbles 
(viscous cement) 

Marco ’Polyester None 

Lens Bond 
{Frankfort) 

Polyester Fair Small blisters 

Epocryl Epoxy-Acrylic None 

Epocryl 50 Epoxy-Acrylic Poor 
(50% Styrene) 

Clouded 

Polyurethane El as t omer Good 
(fluid) 

Fine orange peel 

Si 1 i c one El as t omer Good 
(primed) 

Shear lines 

Glass Resin Inorganic Fair Crazed 

Very poor Water Glass Irior gan i c Poor 
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